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:LUH FXW ('0 :('0 LV D ZLGHO\ DFFHSWHG QRQWUDGLWLRQDO PDWHULDO UHPRYDO SURFHVV XVHG WR PDQXIDFWXUH
FRPSRQHQWVZLWK LQWULFDWHVKDSHVDQGSURILOHV LUUHVSHFWLYHRIKDUGQHVV:('0KDVHYROYHGDVDVLPSOHPHDQVRI
PDNLQJWRROVDQGGLHVWRWKHEHVWDOWHUQDWLYHRISURGXFLQJPLFURVFDOHSDUWVZLWKWKHKLJKHVWGHJUHHRIGLPHQVLRQDO
DFFXUDF\ DQG VXUIDFH ILQLVK 0RO\EGHQXP ZLUH LV XVHG LQ OLPLWHG DSSOLFDWLRQV ZKLFK UHTXLUH YHU\ KLJK WHQVLOH
VWUHQJWKWRSURYLGHDUHDVRQDEOHORDGFDUU\LQJFDSDFLW\LQVPDOOGLDPHWHUZLUH7KHHIIHFWRISURFHVVSDUDPHWHUVRQ
WKH HOHFWURGHZHDU DQG WKH DPRXQW RI WKH HURVLRQ RQZLUH LV WR EH LQYHVWLJDWHG H[SHULPHQWDOO\ LQZLUH('0$Q
DWWHPSWKDVEHHQPDGHWRHVWLPDWHZLUHZHDURXWXVLQJPXOWLSOHUHJUHVVLRQDQDO\VLVDQGJURXSPHWKRGGDWDKDQGOLQJ
WHFKQLTXH
<DQHWDO  KDYHGLVFXVVHGWKHDSSOLFDWLRQRIPLFURZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJPLFURZLUH('0
IRUSURILOH URXJKLQJDQG ILQDOGUHVVLQJRISRO\FU\VWDOOLQHGLDPRQG 3&'ZKHHOV XVLQJD VSHFLILFSXOVHJHQHUDWRU
7KH SXOVH JHQHUDWRU XVLQJ DQWLHOHFWURO\VLV FLUFXLWU\ DQG GLJLWDO VLJQDO SURFHVVRU EDVHG SXOVH FRQWURO FLUFXLW ZDV
GHYHORSHGWR VXSSUHVVGDPDJHVRQWKHPDFKLQHGVXUIDFHRI3&'ZKLOHDFKLHYLQJVWDEOHPDFKLQLQJ,QFRPSDULVRQ
ZLWKZLUH('0PLFURZLUH('0FRXOGDFKLHYHEHWWHUVXUIDFHTXDOLW\DQGVPDOOHUWKLFNQHVVRIGDPDJHGOD\HUIRU
WKHIDEULFDWLRQRI3&'ZKHHOV%\DSSO\LQJDVSHFLILFSXOVHJHQHUDWRUD3&'ZKHHOZLWKDJULQGLQJHGJHWKLFNQHVV
RI PKDVEHHQVXFFHVVIXOO\IDEULFDWHGE\PLFURZLUH('00LFURZLUH('0FRXOGDFKLHYHVPDOOHUWKLFNQHVVRI
WKHGDPDJHGOD\HUEHWWHUVXUIDFHTXDOLW\OHVVPDFKLQLQJWLPHDQGWKLQQHUJULQGLQJHGJHIRUWKHIDEULFDWLRQRI3&'
ZKHHOV WKDQ ZLUH('0 VLQFH WKH IRUPHU FRXOG SURYLGH PXFK VPDOOHU GLVFKDUJH HQHUJ\ DQG KLJKHU PDFKLQLQJ
DFFXUDF\WKDQWKHODWWHU7KH5DPDQDQDO\VHVKDYHFRQILUPHGWKHWUDQVIRUPDWLRQRIGLDPRQGWRQRQGLDPRQGFDUERQ
VSERQGHGFDUERQKDGRFFXUUHGGXHWRWKHWKHUPDOHIIHFWVGXULQJHOHFWULFDOGLVFKDUJHPDFKLQLQJ0'XUDLUDMHW
DO  KDYH VWXGLHG WKH *UH\ UHODWLRQDO WKHRU\ DQG 7DJXFKL RSWLPL]DWLRQ WHFKQLTXH LQ RUGHU WR RSWLPL]H WKH
FXWWLQJSDUDPHWHUVLQ:LUH('0IRU667KHREMHFWLYHRIRSWLPL]DWLRQ ZDV WRDWWDLQWKHPLQLPXPNHUI ZLGWKDQG
WKHEHVW VXUIDFHTXDOLW\ VLPXOWDQHRXVO\ DQG VHSDUDWHO\ ,Q WKLV SUHVHQW VWXG\ VWDLQOHVV VWHHO  LV XVHG DV DZRUN
SLHFH EUDVV ZLUH RI PP GLDPHWHU XVHG DV D WRRO DQG GLVWLOOHG ZDWHU LV XVHG DV D GLH HOHFWULF IOXLG )RU
H[SHULPHQWDWLRQ7DJXFKL¶V/RUWKRJRQDODUUD\KDVEHHQXVHG7KHLQSXWSDUDPHWHUVVHOHFWHGIRURSWLPL]DWLRQDUH
JDS YROWDJH ZLUH IHHG SXOVH RQ WLPH DQG SXOVH RII WLPH 'LHOHFWULF IOXLG SUHVVXUH ZLUH VSHHG ZLUH WHQVLRQ
UHVLVWDQFHDQGFXWWLQJOHQJWKDUHWDNHQDVIL[HGSDUDPHWHUV7KH$QDO\VLVRI9DULDQFHUHVXOWHGWKDWWKHSXOVHRQWLPH
KDVPDMRULQIOXHQFHRQWKHVXUIDFHURXJKQHVVȝPDQGNHUIZLGWKPPLQERWKWKH7DJXFKLRSWLPL]DWLRQPHWKRG
DQG*UH\UHODWLRQDODQDO\VLV7KHREMHFWLYHVVXFKDVVXUIDFHURXJKQHVVDQGNHUIZLGWKDUHRSWLPL]HGXVLQJDVLQJOH
REMHFWLYH 7DJXFKLPHWKRG DQGPXOWL REMHFWLYH JUH\ UHODWLRQDO DQDO\VLV DQG WKH VDPH KDV EHHQ YDOLGDWHGZLWK WKH
H[SHULPHQWDO UHVXOWV 6HQJRWWXYHO3HWDO  KDYH LQYHVWLJDWH WKHHIIHFWVRIYDULRXV('0LQSXWSDUDPHWHUVDV
ZHOO DV WKH LQIOXHQFH RI GLIIHUHQW WRRO JHRPHWU\ RQ0DWHULDO 5HPRYDO 5DWH 0557RRO:HDU 5DWH 7:5 DQG
6XUIDFH5RXJKQHVV 65RQPDFKLQLQJRI ,QFRQHOPDWHULDOE\XVLQJFRSSHUHOHFWURGH)LYH('0SDUDPHWHUV
QDPHO\ SXOVH RQ WLPH 721 SXOVH RII WLPH 72)) SHDN FXUUHQW $ IOXVKLQJ SUHVVXUH 3 DQG HOHFWURGH WRRO
JHRPHWU\*HRZHUHFRQVLGHUHGKHUH7RROJHRPHWU\RIWKHHOHFWURGHVZDVFLUFOH&VTXDUH6UHFWDQJOH5DQG
WULDQJOH 7)RXUGLIIHUHQW OHYHOV IRU WKH ILYH LQSXWSDUDPHWHUVZHUHSODQQHGDVSHU WKH/ RUWKRJRQDODUUD\7KH
SDUDPHWHUV ZHUH RSWLPL]HG XVLQJ PXOWLREMHFWLYH RSWLPL]DWLRQ WHFKQLTXH RI GHVLUDELOLW\ DSSURDFK DQG WKH
VLJQLILFDQFHRIHDFKSDUDPHWHUZDVDQDO\]HGE\$QDO\VLVRI9DULDQFH$129$$FRPSDULVRQRIWKHSHUIRUPDQFHV
RI WKH HOHFWURGH E\ GHVLUDELOLW\ DSSURDFK DQG $129$ VKRZHG WKDW WKH FXUUHQW ZDV WKH PRVW LQIOXHQFLQJ IDFWRU
IROORZHGE\SXOVHRQWLPHDQGSXOVHRIIWLPH,WZDVDOVRREVHUYHGWKDWWKHUHFWDQJXODUWRROJHRPHWU\SURYLGHGEHWWHU
UHVXOWVDVFRPSDUHGWRRWKHUWRROJHRPHWULHV9DOLGDWLRQWHVWVIRU)/0ZHUHFDUULHGRXWDQGVKRZFORVHUUHODWLRQVKLS
ZLWKWKHH[SHULPHQWDOUHVXOWV7KHSURSRVHGIX]]\PRGHOSURYLGHVDPRUHSUHFLVHDQGHDV\VHOHFWLRQRI('0LQSXW
SDUDPHWHUV IRU WKHUHTXLUHG0557:5DQG65 WKHUHE\ WRRSWLPL]HPDFKLQLQJFRQGLWLRQVDQGUHGXFHFRVWV7KH
IX]]\PRGHOZDVVKRZQWREHDEOHWRSUHGLFWWKHH[SHULPHQWDOUHVXOWVZLWKDFFXUDF\RI7KHYDOLGDWLRQRIIX]]\
UHVXOWVZLWKH[SHULPHQWDO ILQGLQJVSURYHG WKHKLJKDFFXUDF\RI WKHPRGHO )DUQD]1RXUEDNKVKHW DO  KDYH
UHSRUWHG DQH[SHULPHQWDO LQYHVWLJDWLRQRIZLUHHOHFWURGLVFKDUJHPDFKLQLQJ:('0RIWLWDQLXPDOOR\7KH\KDYH
LQYHVWLJDWHG WKHHIIHFWRISURFHVVSDUDPHWHUVLQFOXGLQJSXOVHZLGWKVHUYRUHIHUHQFHYROWDJHSXOVHFXUUHQWDQGZLUH
WHQVLRQRQSURFHVVSHUIRUPDQFHSDUDPHWHUVVXFKDVFXWWLQJVSHHGZLUHUXSWXUHDQGVXUIDFHLQWHJULW\$7DJXFKL/
GHVLJQRIH[SHULPHQW'2(KDVEHHQDSSOLHG$OOH[SHULPHQWVKDYHEHHQFRQGXFWHGXVLQJ&KDUPLOOHV:('0 7KH\
KDYH IRXQG WKDW WKHFXWWLQJ VSHHG LQFUHDVHVZLWKSHDNFXUUHQWDQGSXOVH LQWHUYDO6XUIDFH URXJKQHVVZDV IRXQG WR
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LQFUHDVHZLWKSXOVHZLGWKDQGGHFUHDVHZLWKSXOVHLQWHUYDO7KH$QDO\VLVRI9DULDQFH$129$DOVRLQGLFDWHGWKDW
YROWDJH LQMHFWLRQ SUHVVXUH ZLUH IHHG UDWH DQG ZLUH WHQVLRQ KDYH QRQVLJQLILFDQW HIIHFW RQ WKH FXWWLQJ VSHHG
&RPSDUHGZLWKKLJKVSHHGEUDVVZLUH]LQFFRDWHGEUDVVZLUHUHVXOWVLQKLJKHUFXWWLQJVSHHGDQGVPRRWKHUVXUIDFH
ILQLVK 6KDUPD HW DO  KDYH LQYHVWLJDWHG WKH HIIHFW RI SDUDPHWHUV RQPHWDO UHPRYDO UDWH IRU:('0 XVLQJ
+6/$+LJKVWUHQJWKORZDOOR\VWHHODVZRUNSLHFHDQGEUDVVZLUHDVHOHFWURGH+6/$XVHGLQFDUVWUXFNVFUDQHV
EULGJHVUROOHUFRDVWHUVDQGRWKHUVWUXFWXUHVWKDWDUHGHVLJQHGWRKDQGOHODUJHDPRXQWVRIVWUHVV,W ZDV REVHUYHGWKDW
PHWDOUHPRYDOUDWHDQGVXUIDFHURXJKQHVVLQFUHDVHVZLWKLQFUHDVHLQSXOVHRQWLPHDQGSHDNFXUUHQW0HWDOUHPRYDO
UDWHDQGVXUIDFHURXJKQHVVGHFUHDVHVZLWKLQFUHDVHLQSXOVHRIIWLPHDQGVHUYRYROWDJH:LUHPHFKDQLFDOWHQVLRQKDV
QRVLJQLILFDQWHIIHFWRQPHWDOUHPRYDOUDWHDQGVXUIDFHURXJKQHVV5HVSRQVH6XUIDFHPHWKRGRORJ\560LVXVHGWR
RSWLPL]HWKHSURFHVVSDUDPHWHUIRUPHWDOUHPRYDOUDWHDQGVXUIDFH URXJKQHVV560LV IRUPXODWLQJDPDWKHPDWLFDO
PRGHO ZKLFK FRUUHODWHV WKH LQGHSHQGHQW SURFHVV SDUDPHWHUV ZLWK WKH GHVLUHG PHWDO UHPRYDO UDWH DQG VXUIDFH
URXJKQHVV3UDNDVKHWDO  KDYHLQYHVWLJDWHGWKHHIIHFWRISDUDPHWHUVOLNHJDSYROWDJHSXOVHRQWLPHSXOVHRII
WLPHZLUHIHHGDQGSHUFHQWDJHUHLQIRUFHPHQWRQ WKHUHVSRQVHVPDWHULDO UHPRYDO UDWHDVZHOODV VXUIDFHURXJKQHVV
ZKLOHPDFKLQLQJDOXPLQLXPDOOR\$IO\DVKERUDQFDUELGHK\EULGFRPSRVLWHVXVLQJ:('0 7KH\KDYH XVHG
7DJXFKL¶V/ RUWKRJRQDODUUD\IRUH[SHULPHQWDOZRUN$129$KDVEHHQXVHGWRGHWHUPLQHWKHGHVLJQSDUDPHWHUV
VLJQLILFDQWO\LQIOXHQFLQJWKHUHVSRQVH 7KH\KDYHUHSRUWHGWKDWJDSYROWDJHLVWKHPRVWLQIOXHQWLDOSDUDPHWHUZKLFK
VLJQLILFDQWO\ DIIHFWV WKH055*DS YROWDJH DQG ZLUH IHHG DUH WKHPRVW LQIOXHQWLDO SDUDPHWHU ZKLFK VLJQLILFDQWO\
DIIHFWWKHVXUIDFHURXJKQHVV
6DKXHW DO  KDYHSURSRVHGDQRSWLPL]DWLRQPHWKRGRORJ\ IRU WKH VHOHFWLRQRIEHVWSURFHVVSDUDPHWHUV LQ
PXOWLUHVSRQVH VLWXDWLRQ ([SHULPHQWV KDYH EHHQ FRQGXFWHG RQ D GLHVLQNLQJ HOHFWULF GLVFKDUJH PDFKLQH XQGHU
GLIIHUHQWFRQGLWLRQVRISURFHVVSDUDPHWHUV$UHVSRQVHVXUIDFHPHWKRGRORJ\560LVDGRSWHGWRHVWDEOLVKHIIHFWRI
YDULRXVSURFHVVSDUDPHWHUVVXFKDVGLVFKDUJHFXUUHQW,SSXOVHRQWLPH7RQGXW\IDFWRUĲDQGIOXVKLQJSUHVVXUH
)SRQIRXU LPSRUWDQW UHVSRQVHV OLNHPDWHULDO UHPRYDO UDWH 055 WRROZHDU UDWH 7:5VXUIDFHURXJKQHVV5D
DQG FLUFXODULW\ UU RI PDFKLQHG FRPSRQHQW 7KH GDWD HQYHORSPHQW DQDO\VLV '($ PHWKRGRORJ\ DORQJ ZLWK
DYHUDJH UDQNHGYDOXH $59 DSSURDFKKDVZRUNHG VDWLVIDFWRULO\ DQG \LHOGHG DFFHSWDEOH UHVXOWV DVZHOO DV ILQGLQJ
VXLWDEOHFRQGLWLRQDPRQJDODUJHQXPEHURIDOWHUQDWLYHSURFHVVHVIRUJHQHUDWLRQRIDGHVLUHGTXDOLW\DQGSURGXFWLYLW\
LQ ('0 SURFHVV +VX HW DO  SUHVHQWV DQ H[SHULPHQWDO LQYHVWLJDWLRQ RI WKH PDFKLQLQJ FKDUDFWHULVWLFV RI
3RO\FU\VWDOOLQH'LDPRQG3&'LQPLFURZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJȝ:('07KH7DJXFKLPHWKRGZDV
DGRSWHGWRREWDLQWKHRSWLPXPFRQGLWLRQVRISDUDPHWHUVHWWLQJVIRUFXWWLQJZLGWKDQGPDWHULDOUHPRYDOUDWH055
7KH$129$DQDO\VLV KDVEHHQXVHG WRSUHGLFW WKH VLJQLILFDQWPDFKLQLQJSDUDPHWHUV DFFRUGLQJ WR/ RUWKRJRQDO
DUUD\DQGVLJQDOQRLVH61UDWLR7KHH[SHULPHQWDOUHVXOWVUHYHDOWKDW WKHLQWHQVLW\RIRSHQFLUFXLWYROWDJH8+3
DIIHFWVVLJQLILFDQWO\RQWKHDPRXQWRIFXWWLQJZLGWKDVZHOODV055$GGLWLRQDOO\WKHFXWWLQJZLGWKLVDOVRGLUHFWO\
UHGXFHG E\ KLJKHU ZLUH WHQVLRQ DQG ORZHU IOXVKLQJ SUHVVXUH 7KH055 ZDV LQFUHDVHG DW JUHDWHU 8+3 DQG SHDN
FXUUHQW,)LQDOO\ WKHFRQILUPDWLRQH[SHULPHQWVVKRZWKDWWKHFXWWLQJZLGWKDQG055DOVRGHSHQGVRQ WKHJUDLQ
VL]HRI3&'PaPE\WKHRSWLPXPPDFKLQLQJFRQGLWLRQV 6KDQPXJDP6HWDO  KDYHGLVFXVVHGWKH
QXPHULFDOPRGHOOLQJ RI (OHFWUR'LVFKDUJH0DFKLQLQJ ('0 SURFHVV XVLQJPRYLQJPHVK IHDWXUH &RHIILFLHQW RI
HURVLRQ ZDV GHILQHG DQG IRXQG WR EH FRQVWDQW XVLQJ DQDO\WLFDO HTXDWLRQV 7KLV ZDV YDOLGDWHG E\ FRQGXFWLQJ
H[SHULPHQWV RQ HOHFWUR GLVFKDUJH PDFKLQLQJ 7KHQ WKH PDFKLQLQJ SURFHVV ZDV PRGHOOHG LQ VRIWZDUH XVLQJ WKH
FRHIILFLHQWRIHURVLRQ:KHQWKHVDPHFRQGLWLRQVZHUHDSSOLHGLQWKHUHDOWLPHPDFKLQLQJWKHUHVXOWVREWDLQHGZHUH
LQ JRRG DJUHHPHQW ZLWK WKDW RI WKH VRIWZDUH UHVXOWV 7KH DSSOLFDWLRQ RI VRIWZDUHPRGHOOLQJZDV GHPRQVWUDWHG WR
GHWHUPLQH WKHHIILFLHQF\RIGULOOLQJSURFHVV$FRPSDULVRQVWXG\ZDVSHUIRUPHGZLWK WKHXVHRIFRQYHQWLRQDODQG
FRQFHQWULF HOHFWURGH IRU GULOOLQJ FRQFHQWULF PLFUR VL]H KROHV ,W ZDV FRQFOXGHG WKDW UHGXFHGPDFKLQLQJ WLPH DQG
SHUIHFW FRQFHQWULFLW\ ZDV REVHUYHG ZKHQ FRQYHQWLRQDO HOHFWURGHV ZHUH UHSODFHG E\ FRQFHQWULF HOHFWURGHV <HW
DQRWKHUVWXG\ZDVSHUIRUPHGWRMXVWLI\WKHUHGXFWLRQLQPDFKLQLQJWLPHGXHWRXVDJHRIFRQGXFWLYLW\HQKDQFHPHQW
ULQJV LQ WKHGLUHFWLRQRISDVVDJHRIFXUUHQW WRHQKDQFHFXUUHQW IORZE\DYRLGLQJDLUJDS LQVXODWLRQ7KXVVRIWZDUH
PRGHOOLQJKHOSVWRSHUIRUPUHVHDUFKE\SUHGLFWLQJPDFKLQLQJWLPHZLWKRXWWKHQHHGRIUHDOWLPHH[SHULPHQWDWLRQ
 ([SHULPHQWDOZRUN
7KHH[SHULPHQWVZHUHSHUIRUPHGRQ&21&25''.&IRXUD[HV&1&:('PDFKLQH7KHEDVLFSDUWVRIWKH
:('PDFKLQHFRQVLVWRIDZLUHHOHFWURGHDZRUNWDEOHDVHUYRFRQWUROV\VWHPDSRZHUVXSSO\DQGGLHOHFWULFVXSSO\
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V\VWHP7KH&21&25''.&DOORZV WKHRSHUDWRU WRFKRRVH LQSXWSDUDPHWHUVDFFRUGLQJ WR WKHPDWHULDO DQG
KHLJKWRIWKHZRUNSLHFH7KH:(' PDFKLQHKDVVHYHUDOVSHFLDOIHDWXUHV8QOLNHRWKHU:('PDFKLQHVLWXVHVWKH
UHXVDEOHZLUHWHFKQRORJ\7KHH[SHULPHQWDOVHWXSIRUWKHGDWDDFTXLVLWLRQLV LOOXVWUDWHGLQWKH)LJ7KH:('0
SURFHVV JHQHUDOO\ FRQVLVWV RI VHYHUDO VWDJHV D URXJK FXW SKDVH D URXJK FXW ZLWK ILQLVKLQJ VWDJH DQG D ILQLVKLQJ
VWDJH%XWLQWKLV:('PDFKLQHRQO\RQHSDVVLVXVHG
7KH JDS EHWZHHQ ZLUH DQG ZRUN SLHFH LV  PP DQG LV FRQVWDQWO\ PDLQWDLQHG E\ D FRPSXWHU FRQWUROOHG
SRVLWLRQLQJV\VWHP0RO\EGHQXPZLUHKDYLQJGLDPHWHURIPPZDVXVHGDVDQHOHFWURGH7KHFRQWURO IDFWRUV
DQGIL[HGSDUDPHWHUVVHOHFWHGDUHDVOLVWHGLQ7DEOH7KHFRQWUROIDFWRUVZHUHFKRVHQEDVHGRQUHYLHZRIOLWHUDWXUH
DQG H[SHUWV (DFK WLPH WKH H[SHULPHQWZDV SHUIRUPHG DQ RSWLPL]HG VHW RI LQSXW SDUDPHWHUVZDV FKRVHQ ,Q WKLV
VWXG\ILYHPDFKLQLQJSDUDPHWHUVZHUHXVHGDVFRQWUROIDFWRUVDQGHDFKSDUDPHWHUZDVGHVLJQHGWRKDYHIRXUOHYHOV
GHQRWHG,,,,,,DQG,9DVVKRZQLQ7DEOH
)LJ([SHULPHQWDO6HWXS
7DEOH0DFKLQLQJVHWWLQJVXVHG LQH[SHULPHQWV
/HYHO
&RQWURO)DFWRUV , ,, ,,, ,9
$ 3XOVH ±RQ    
% 3XOVHRII    
& &XUUHQW    
' %HGVSHHG    
 5HVXOWVDQG'LVFXVVLRQV
0XOWLSOH5HJUHVVLRQ$QDO\VLV
7KH REMHFWLYH RI PXOWLSOH UHJUHVVLRQ DQDO\VLV LV WR FRQVWUXFW D PRGHO WKDW H[SODLQV DV PXFK DV SRVVLEOH WKH
YDULDELOLW\ LQ D GHSHQGHQW YDULDEOH XVLQJ VHYHUDO LQGHSHQGHQW YDULDEOHV 7KHPRGHO ILW LV XVXDOO\ D OLQHDUPRGHO
WKRXJKVRPHWLPHUQRQOLQHDUPRGHOVVXFKDVORJOLQHDUPRGHOVDUHDOVRFRQVWUXFWHG :KHQWKHPRGHOFRQVWUXFWHGLV
DOLQHDUPRGHOWKHSRSXODWLRQUHJUHVVLRQHTXDWLRQLV
<L  D ;L ««««« P;PL HL 
:KHUH<LLVWKHGHSHQGHQWYDULDEOHDQG;L«««««;PL DUHWKHLQGHSHQGHQWYDULDEOHVIRULWK GDWDSRLQWDQG
HL LVWKHHUURUWHUP(UURUWHUPLVDVVXPHGWRKDYH]HURPHDQ7KLVHUURUWHUPLVWKHFRPELQHGHIIHFWRIYDULDEOHV
WKDWDUHQRWFRQVLGHUHGH[SOLFLWO\LQWKHHTXDWLRQEXWKDYHDQHIIHFWRQWKHGHSHQGHQWYDULDEOH7KHFRHIILFLHQWV D
«««««P DUHQRWNQRZQDQGHVWLPDWHVRI WKHVHYDOXHVGHVLJQDWHGDVDE««EP KDYH WREHGHWHUPLQHG
IURPWKHVDPSOHGGDWD)RUWKLVOHDVWVTXDUHVHVWLPDWLRQLVXVHGZKLFKFRQVLVWVRIPLQLPL]LQJ
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:LWKUHVSHFWWRHDFKRIWKHFRHIILFLHQWVDE«EP7KLVZLOOJLYHNHTXDWLRQVIURPZKLFKDE«EPFDQEH
REWDLQHG  7KHVH OHDVW VTXDUHG HVWLPDWHV DUH WKH EHVW OLQHDU XQELDVHG HVWLPDWHV DQG KHQFH JLYHV WKH EHVW OLQHDU
XQELDVHGHVWLPDWHRIWKHGHSHQGHQWYDULDEOH
< DE; E; ««««EP;P 
7KHREWDLQHGUHJUHVVLRQPRGHOIRUHVWLPDWLQJVXUIDFHURXJKQHVVIRU(1PDWHULDOLV
5D H[$ ± H[%H[&H[' 
7KHREWDLQHGUHJUHVVLRQPRGHOIRUHVWLPDWLQJPDWHULDOUHPRYDOUDWHIRU(1PDWHULDOLV
9055 H[$ ± H[%H[&H[' 
7KHREWDLQHGUHJUHVVLRQPRGHOIRUHVWLPDWLQJDFFXUDF\IRU(1PDWHULDOLV
$FFXUDF\ H[$[%H[&H[' ± H 
7KHREWDLQHGUHJUHVVLRQPRGHOIRUHVWLPDWLQJ HOHFWURGHZHDUIRU(1PDWHULDOLV
(OHFWURGH:HDU H[$ H[%H[&H[' ±  
*URXS0HWKRGRI'DWD+DQGOLQJ
*URXSPHWKRGRIGDWDKDQGOLQJ*0'+LVD IDPLO\RI LQGXFWLYHDOJRULWKPV IRUFRPSXWHUEDVHGPDWKHPDWLFDO
PRGHOOLQJ RI PXOWLSDUDPHWULF GDWDVHWV WKDW IHDWXUHV IXOO\ DXWRPDWLF VWUXFWXUDO DQG SDUDPHWULF RSWLPL]DWLRQ RI
PRGHOV*0'+LVXVHGLQVXFKILHOGVDV GDWDPLQLQJ NQRZOHGJHGLVFRYHU\ SUHGLFWLRQ FRPSOH[V\VWHPV PRGHOOLQJ
RSWLPL]DWLRQ DQG SDWWHUQ UHFRJQLWLRQ *0'+ DOJRULWKPV DUH FKDUDFWHUL]HG E\ LQGXFWLYH SURFHGXUH WKDW SHUIRUPV
VRUWLQJRXWRIJUDGXDOO\FRPSOLFDWHGSRO\QRPLDOPRGHOVDQGVHOHFWLQJ WKH EHVWVROXWLRQE\PHDQVRI WKHVRFDOOHG
H[WHUQDOFULWHULRQ
$*0'+PRGHOZLWKPXOWLSOHLQSXWVDQGRQHRXWSXWLVDVXEVHWRIFRPSRQHQWVRIWKHEDVHIXQFWLRQ 
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:KHUHIDUHHOHPHQWDU\IXQFWLRQVGHSHQGHQWRQGLIIHUHQWVHWVRILQSXWVDDUHFRHIILFLHQWVDQGPLVWKHQXPEHURI
WKH EDVH IXQFWLRQ FRPSRQHQWV ,Q RUGHU WR ILQG WKH EHVW VROXWLRQ *0'+ DOJRULWKP FRQVLGHU YDULRXV FRPSRQHQW
VXEVHWVRI WKHEDVH IXQFWLRQ  FDOOHGSDUWLDOPRGHOV&RHIILFLHQWVRI WKHVHPRGHOVHVWLPDWHGE\ WKH OHDVWVTXDUHV
PHWKRG*0'+DOJRULWKPJUDGXDOO\LQFUHDVHWKHQXPEHURISDUWLDOPRGHOFRPSRQHQWVDQGILQGDPRGHOVWUXFWXUH
ZLWK RSWLPDO FRPSOH[LW\ LQGLFDWHG E\ WKH PLQLPXP YDOXH RI DQ H[WHUQDO FULWHULRQ 7KLV SURFHVV LV FDOOHG VHOI
RUJDQL]DWLRQRIPRGHOV7KHPRVWSRSXODUEDVHIXQFWLRQXVHGLQ*0'+LVWKHJUDGXDOO\FRPSOLFDWHG.ROPRJRURY
*DERUSRO\QRPLDO 
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*0'+LVDOVRNQRZQDV SRO\QRPLDOQHXUDOQHWZRUNV DQGVWDWLVWLFDOOHDUQLQJQHWZRUNVWKDQNVWRLPSOHPHQWDWLRQ
RIWKHFRUUHVSRQGLQJDOJRULWKPVLQVHYHUDOFRPPHUFLDOVRIWZDUHSURGXFWV
3UHGLFWLRQRIUHVSRQVHYDULDEOHVRI6WDYD[PDWHULDO
7KHSUHGLFWLRQRIUHVSRQVHVZDVFDUULHGRXWXVLQJ05$DQG*0'+IRUYDULRXVWUDLQLQJVHWVRIDQG
RIGDWDLVXVHGLQ*0'+IRUXSWR/HYHO7KHUHDUHWKUHHFULWHULD¶VYL]UHJXODULW\XQELDVHGDQGFRPELQHG
FULWHULD¶VLVXVHGLQ*0'+:KHQWKHWUDLQLQJLVFRPSOHWHGLWLVQHFHVVDU\WRFKHFNWKHQHWZRUNSHUIRUPDQFHDQG
GHWHUPLQHLIDQ\FKDQJHVQHHGWREHPDGHWRWKHWUDLQLQJSURFHVVQHWZRUNDUFKLWHFWXUHRUWKHGDWDVHWV
)LJ )LJ  DQG)LJ  VKRZVWKHFRPSDULVRQRIPHDVXUHGDQGSUHGLFWHGVXUIDFHURXJKQHVV9055DFFXUDF\
DQGHOHFWURGHZHDU XVLQJ05$DQG*0'+7KHUHDUHGLIIHUHQW WUDLQLQJGDWDVHWVYL]DQGDUH
XVHGXSWR/HYHOLQ*0'+IRU 6WDYD[PDWHULDO
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7DEOH0DFKLQLQJSHUIRUPDQFHVXVLQJ/¶ RUWKRJRQDODUUD\
5XQ 3XOVHRQȝV
3XOVHRII
ȝV
&XUUHQW
$PSV
%HGVSHHG
ȝPV
6XUIDFH5RXJKQHVV
ȝP
9055
PPPLQ
$FFXUDF\
ȝP
(OHFWURGH
:HDUȝP
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
)LJ &RPSDULVRQRIPHDVXUHGDQG SUHGLFWHGVXUIDFHURXJKQHVVXVLQJ05$DQG*0'+
,WLVREVHUYHGIURPWKH)LJ  SUHGLFWHGVXUIDFHURXJKQHVVRIUHJXODULW\FULWHULDZLWKRIWKHGDWDVHWH[KLELWV
EHWWHUFRUUHODWLRQZLWKWKHPHDVXUHGVXUIDFHURXJKQHVVWKDQDQGRIWKHGDWDVHWDW /HYHOXVLQJ*0'+
ZKHQFRPSDUHGWRWKH 05$
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)LJ &RPSDULVRQRIPHDVXUHGDQGSUHGLFWHG9055XVLQJ05$DQG*0'+
)URPWKH)LJ  SUHGLFWHG9055RI UHJXODULW\FULWHULDZLWKRIWKHGDWDVHWH[KLELWVEHWWHUFRUUHODWLRQZLWK
WKHPHDVXUHG9055WKDQDQGRIWKHGDWDVHWDW/HYHOXVLQJ*0'+ZKHQFRPSDUHGWRWKH05$
)LJ &RPSDULVRQRIPHDVXUHGDQGSUHGLFWHGDFFXUDF\XVLQJ05$DQG*0'+
,W LV FOHDUO\REVHUYHG IURP)LJ  SUHGLFWHG DFFXUDF\RI UHJXODULW\ FULWHULDZLWK RI WKHGDWD VHW H[KLELWV
EHWWHU FRUUHODWLRQZLWK WKHPHDVXUHG DFFXUDF\ WKDQ  DQG RI WKH GDWD VHW DW /HYHO  XVLQJ*0'+ZKHQ
FRPSDUHGWRWKH05$
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)LJ &RPSDULVRQRIPHDVXUHGDQGSUHGLFWHGHOHFWURGHZHDUXVLQJ05$DQG*0'+
,WLVFOHDUO\REVHUYHGIURP)LJ  SUHGLFWHG HOHFWURGHZHDU RIUHJXODULW\FULWHULDZLWKRIWKHGDWDVHWH[KLELWV
EHWWHUFRUUHODWLRQZLWK WKHPHDVXUHGHOHFWURGHZHDU WKDQDQGRI WKHGDWDVHWDW/HYHOXVLQJ*0'+
ZKHQFRPSDUHGWRWKH05$
 &RQFOXVLRQ
7KLVSDSHUKDVSUHVHQWHGDQLQYHVWLJDWLRQRQ WKHHVWLPDWLRQDQGSUHGLFWLRQRIPDFKLQLQJSDUDPHWHUVRQVXUIDFH
URXJKQHVV9055DFFXUDF\ DQGHOHFWURGHZHDU LQ:('0RSHUDWLRQV ,WZDVIRXQG WKDWHDFKFRQWURO IDFWRUVDUH
DIIHFWLQJWKHUHVSRQVHYDULDEOHVWRGLIIHUHQWH[WHQW:HKDYHDOVRVHHQWKDWPXOWLSOHUHJUHVVLRQDQDO\VLVLVDSUHIHUUHG
WRRO IRU HVWLPDWLQJ WKHPDFKLQLQJSHUIRUPDQFHVRI6WDYD[PDWHULDO7KUHHGLIIHUHQW FULWHULRQ IXQFWLRQVRI*0'+
YL]5HJXODULW\5068QELDVHGDQG&RPELQHGKDYHEHHQWULHGIRUHVWLPDWLRQRIPDFKLQLQJSHUIRUPDQFHV6WDYD[
7KHUHVXOWVIURPWKH*0'+VKRZWKDWWKHUHJXODULW\FULWHULRQIXQFWLRQSURYLGHVJRRGHVWLPDWLRQWKDQWKHRWKHU
WZR IXQFWLRQV'LIIHUHQWPRGHOV RI*0'+ZHUH EXLOW E\ YDU\LQJ WKH QXPEHU RI GDWD LQ WKH WUDLQLQJ VHW WR 
DQGRIWKHWRWDOGDWD,WZDVIRXQGWKDWWKHOHDVWHUURURIHVWLPDWLRQDQGEHVWILWZDVIRXQGIRURI
GDWD LQ WUDLQLQJ VHW IRU VXUIDFH URXJKQHVV DQG HOHFWURGHZHDU DQG  RI GDWD LQ WUDLQLQJ VHW IRU 9055 DQG
DFFXUDF\&RPSDULVRQRIWKHWZRWKHRUHWLFDOPHWKRGVIRUHVWLPDWLRQRIPDFKLQLQJSHUIRUPDQFHVLWZDVIRXQGWKDW
*0'+WHFKQLTXHKDVDQHGJHRYHU05$7KXVSUHGLFWHGUHVSRQVHYDULDEOHVRIDQG RIGDWDLQWUDLQLQJ
VHWFRUUHODWHVZHOOZLWKWKHPHDVXUHGUHVSRQVHYDULDEOHV*0'+WHFKQLTXHJDYHEHWWHUSUHGLFWLRQWKDQ05$
5HIHUHQFHV
(:HLQJlUWQHU.:HJHQHUDQG).XVWHU³,QIOXHQFHRIZRUNSLHFHFLUFXPIHUHQWLDOVSHHGLQZLUHHOHFWULFDOGLVFKDUJHPDFKLQLQJ´3URFHGLD
&,53±
)DUQD]1RXUEDNKVK.35DMXUNDU$30DOVKHDQG-LDQ&DR³:LUHHOHFWURGLVFKDUJHPDFKLQLQJRIWLWDQLXPDOOR\´3URFHGLD&,53
±
)&+VX7<7DL919R6<&KHQDQG<+&KHQ ³7KHPDFKLQLQJFKDUDFWHULVWLFVRISRO\FU\VWDOOLQHGLDPRQG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